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(57) ABSTRACT 

Disclosed is an organic light-emitting display device and 
operating method thereof that may include an organic light 
emitting diode, a first transistor controlled by a sensing 
signal and connected to a data line, a second transistor 
controlled by a scanning signal and connected to the data 
line, and a driving transistor having first to third nodes, 
wherein a reference voltage is applied to the first node 
through the first transistor, a data Voltage is applied to the 
second node through the second transistor, and the third 
node is connected to a driving Voltage line. 

8 Claims, 27 Drawing Sheets 

Ry. 4. OW 2n 

OE) OED Oil CEO 

GL2-e 

Gli - x NNNiSix 

Pi F2 
(R) (W G (B. 

  



U.S. Patent Sep. 6, 2016 Sheet 1 of 27 US 9.437,167 B2 

s 

an s 

s 

  



U.S. Patent Sep. 6, 2016 Sheet 2 of 27 US 9.437,167 B2 

FIG.2 

"s." " - "" " ". pe DRIVING 

- - - - -- SENSING 

O 

Y. WSam 
DVI A RW 

-- 

N3 
| N-P 

DT SENSE Gl. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

  



US 9.437,167 B2 Sheet 3 of 27 Sep. 6, 2016 U.S. Patent 

£T 'ADIAH 

(IA) E07 I TOA |N (3A) E07 17OA EN 
HSNHS 

  

  
  



US 9.437,167 B2 Sheet 4 of 27 Sep. 6, 2016 U.S. Patent 

| W: rm 

|- ()()()()()()()()()()()()) 
GE2 

Gl 

(B) (G) (R) 

  



U.S. Patent Sep. 6, 2016 Sheet 5 Of 27 US 9.437,167 B2 

s 

s 

S 

  



U.S. Patent Sep. 6, 2016 Sheet 6 of 27 US 9.437,167 B2 

FIG. 6 

EWOD 

DL DW 

------------------------ 

Gl. 2 SCAN 
N3 

N-p 
T2 N2 

DT 

Gl. 1 SENSE CSig 

Ti 

N 1 

OLED 

EWSS 



U.S. Patent Sep. 6, 2016 Sheet 7 Of 27 US 9.437,167 B2 

FIG. 7 

WRITING 
INITIAt STEP 
STEP / EMISSION STEP 

SCANSIGNAL 

SENSING SIGNAL 

DL WOTAGE 

N2 VOLTAGE (V2) 
N1 WOTAGE (VI) ---- 

  



SSAE 

US 9.437,167 B2 

ŒTC) 

U.S. Patent 

ESNES 

  

  



SSAB 

US 9.437,167 B2 

ŒTC) 

U.S. Patent 

  

  



US 9.437,167 B2 Sheet 10 of 27 Sep. 6, 2016 U.S. Patent 

" 
S. 

an avanese as as more 

---- (A) 5971 TOA IN (OEA) E07 ITOA EN 

SSAE D p 

GETO 
TIAC] (JOAE] 

O I 'ADJAH 

  



U.S. Patent Sep. 6, 2016 Sheet 11 of 27 US 9.437,167 B2 

FIG. I. 1 

EWSS 

  



U.S. Patent Sep. 6, 2016 Sheet 12 of 27 US 9.437,167 B2 

FIG. 12 

INTIAL 
STEP 

C SENSING STEP SAMPLING STEP 

SCAN 

Spre 

SENSE 

WSain 

NS VOLTAGE 

Wolata - ----- 

  



US 9.437,167 B2 U.S. Patent 

| 75) 

  



SSAE; 

US 9.437,167 B2 U.S. Patent 

  

  

  



US 9.437,167 B2 Sheet 15 Of 27 Sep. 6, 2016 U.S. Patent 

d?ls ?NINGWys d?ls ON SNES 

ESNES 

CHIO ZA 

  

  

  

  



U.S. Patent Sep. 6, 2016 Sheet 16 of 27 US 9.437,167 B2 

FIG. 16 

SAPING STEP 

INITIAL STEP SENSING STEP / 
: D - it D 

  



SSA5 

US 9.437,167 B2 

30\/ITOA SN? 
UUESA 

Sheet 17 Of 27 

ESNES ! 

Sep. 6, 2016 U.S. Patent 

| 75) 

  



US 9.437,167 B2 Sheet 18 of 27 Sep. 6, 2016 U.S. Patent 

dHIS IVLIINI 

E5) / | TOA SN? 
uuesA ???ÞÁ 9)dS 

ESNES | 

  

  



US 9.437,167 B2 Sheet 19 Of 27 Sep. 6, 2016 U.S. Patent 

9139 E?NES 

  

  





U.S. Patent Sep. 6, 2016 Sheet 21 of 27 US 9.437,167 B2 

FIG.2/ 

WSS 

  



U.S. Patent Sep. 6, 2016 Sheet 22 of 27 US 9.437,167 B2 

FIG.22 

INAL SAMPLING 
STEP STEP 

SENSING STEP 



US 9.437,167 B2 Sheet 23 Of 27 Sep. 6, 2016 U.S. Patent 

^ !!!--- (A) EÐVITOA IN 

0 || || ? 

  

  

  



US 9.437,167 B2 Sheet 24 of 27 Sep. 6, 2016 U.S. Patent 

d'El 18 ?Ã¡¡SNES 

(A) EÐVITOA || W 

SSAE; 

  

  



US 9.437,167 B2 U.S. Patent 

ŒTO 
---------------------------------------- 

0 || || ? 

  

  



U.S. Patent Sep. 6, 2016 Sheet 26 of 27 US 9.437,167 B2 

FIG.26 

D 4-3 Cl4]- 1 
OW. 2n-1 DAr-2 DL4 DVI 2 

1 

l 
O ED OED OLEO L1 OLED /1 

| 
1 

GL2 

Gill 

(I) (W) (B) (G) 

  



US 9.437,167 B2 Sheet 27 Of 27 Sep. 6, 2016 U.S. Patent 

ZZ AD/H. 
  



US 9,437,167 B2 
1. 

ORGANIC LIGHT-EMITTING DISPLAY 
DEVICE HAVING A HIGH APERTURE 

RAATO AND DRIVING METHOD THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of Korean Patent 
Application No. 10-2013-0 138238 filed on Nov. 14, 2013, 
which is hereby incorporated by reference for all purposes as 
if fully set forth herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an organic light-emitting 

display device and operating method thereof. 
2. Description of Related Art 
Recently, organic light-emitting display devices have 

been in the spotlight as the next generation display devices. 
Organic light-emitting display devices use organic light 
emitting diodes (OLEDs) that emit light by themselves, and 
have advantages such as relatively fast response speed, high 
levels of light emitting efficiency and luminance, as well as 
wide viewing angles. 

Such an organic light-emitting display device has a struc 
ture in which pixels including organic light-emitting diodes 
are arranged in a matrix form, and the brightness of pixels 
may be controlled through the selection of a scanning signal 
according to the grayscale data. 

Each pixel in Such an organic light-emitting display 
device has a structure in which an organic light-emitting 
diode, a driving transistor for driving the organic light 
emitting diode, a storage capacitor and the like are con 
nected to various signal lines. 

Since a conventional pixel structure requires a reference 
Voltage line for initializing a source node (or a drain node) 
of the driving transistor, the reference voltage line is formed 
in a display panel for each pixel and is directly connected to 
respective data driving integrated circuits. 
As a result, a problem may occur in which an aperture 

ratio of the display panel is reduced, as the number of 
contacts of the data integrated circuits is increased. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an 
organic light-emitting display device and operating method 
thereof that substantially obviates one or more of the prob 
lems due to limitations and disadvantages of the related art. 
An advantage of the present invention is to provide an 

organic light-emitting display device having a novel pixel 
structure with a high aperture ratio and an operating method 
thereof. 

Additional features and advantages of the invention will 
be set forth in the description which follows, and in part will 
be apparent from the description, or may be learned by 
practice of the invention. These and other advantages of the 
invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance 
with the purpose of the present invention, as embodied and 
broadly described, an organic light-emitting display device 
may, for example, include a display panel including a 
plurality of data lines, a plurality of first gate lines and a 
plurality of second gate lines, which define a plurality of 
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2 
pixels; a data driver Supplying a data signal through at least 
one of the plurality of data lines; a first gate driver Supplying 
a sensing signal through at least one of the plurality of first 
gate lines that cross the plurality of data lines in the display 
panel; a second gate driver Supplying a scanning signal 
through at least one of the plurality of second gate lines that 
are substantially parallel with the plurality of first gate lines 
in the display panel; and a timing controller controlling 
driving timings of the data driver, the first gate driver and the 
second gate driver, wherein one of the plurality of pixels 
includes an organic light-emitting diode, a driving transistor 
having a first node, a second node and a third node, a first 
transistor controlled by the sensing signal and connected 
between the respective data line and the first node of the 
driving transistor, a second transistor controlled by the 
scanning signal and connected between the respective data 
line and the second node of the driving transistor, and a 
storage capacitor connected between the first and second 
nodes of the driving transistor. 

In another aspect of the present invention, an organic 
light-emitting display device may, for example, include an 
organic light-emitting diode (OLED); a first transistor con 
trolled by a sensing signal and connected to a data line; a 
second transistor controlled by a scanning signal and con 
nected to the data line; and a driving transistor having a first 
node to which a reference voltage is applied through the first 
transistor, a second node to which a data Voltage is applied 
through the second transistor, and a third node connected to 
a driving Voltage line. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the descrip 
tion serve to explain the principles of the invention. In the 
drawings: 

FIG. 1 is a diagram illustrating the system of an organic 
light-emitting display device according to an exemplary 
embodiment; 

FIG. 2 is an equivalent circuit diagram illustrating a pixel 
structure of an organic light-emitting display device accord 
ing to an exemplary embodiment; 

FIG. 3 is a timing diagram of an emission mode of an 
organic light-emitting display device according to an exem 
plary embodiment; 

FIG. 4 is a top plan view illustrating a display panel of an 
organic light-emitting display device according to an exem 
plary embodiment; 

FIG. 5 is a diagram illustrating a system of an organic 
light-emitting display device according to another exem 
plary embodiment; 

FIG. 6 is an equivalent circuit diagram illustrating a pixel 
structure of an organic light-emitting display device accord 
ing to another exemplary embodiment; 

FIG. 7 is a timing diagram of an emission mode of an 
organic light-emitting display device according to another 
exemplary embodiment; 
FIG.8 to FIG. 10 are operation circuit diagrams according 

to steps of an emission mode of an organic light-emitting 
display device according to another exemplary embodiment; 
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FIG. 11 is a circuit diagram illustrating a case in which a 
pixel of an organic light-emitting display device according 
to another exemplary embodiment operates in a sensing 
mode based on Voltage sensing: 

FIG. 12 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device according 
to another exemplary embodiment operates in a threshold 
Voltage sensing mode of a sensing mode based on Voltage 
sensing: 

FIG. 13 to FIG. 15 are operation circuit diagrams accord 
ing to steps when a pixel of an organic light-emitting display 
device according to another exemplary embodiment oper 
ates in a threshold Voltage sensing mode of a sensing mode 
based on Voltage sensing: 

FIG. 16 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device according 
to another exemplary embodiment operates in a mobility 
sensing mode of a sensing mode based on Voltage sensing: 

FIG. 17 to FIG. 20 are operation circuit diagrams accord 
ing to steps when a pixel of an organic light-emitting display 
device according to another exemplary embodiment oper 
ates in a mobility sensing mode of a sensing mode based on 
Voltage sensing: 

FIG. 21 is a circuit diagram illustrating a case in which a 
pixel of an organic light-emitting display device according 
to another exemplary embodiment operates in a sensing 
mode based on current sensing: 

FIG. 22 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device according 
to another exemplary embodiment operates in a sensing 
mode based on current sensing: 

FIG. 23 to FIG. 25 are circuit diagrams when a pixel of 
an organic light-emitting display device according to 
another exemplary embodiment operates in a sensing mode 
based on current sensing: 

FIG. 26 is a top plan view illustrating a display panel of 
an organic light-emitting display device according to 
another exemplary embodiment; and 

FIG. 27 is a diagram obtained by comparing a display 
panel according to an exemplary embodiment with a display 
panel according to another exemplary embodiment. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

Reference will now be made in detail to embodiments of 
the present invention, examples of which are illustrated in 
the accompanying drawings. The same reference numbers 
may be used throughout the drawings to refer to the same or 
like parts. Detailed descriptions of known functions and 
components incorporated herein may be omitted. 

Although terms such as “first,” “second,” “A.” “B,” “(a)” 
and "(b) may be used herein to describe various elements, 
Such terms may be used to distinguish one element from 
another element. The Substance, sequence, order or number 
of these elements may not be limited by these terms. When 
an element is referred to as being “connected to’ or “coupled 
to another element, not only can it be “directly connected 
or “coupled to the other element, but it also can be 
“indirectly connected or coupled to the other element via an 
“intervening element(s). Also, when an element is referred 
to as being formed “on” or “under another element, not 
only can it be directly formed on or under another element, 
but it also can be indirectly formed on or under another 
element via an intervening element(s). 
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4 
FIG. 1 is a diagram illustrating a system of an organic 

light-emitting display device 100 according to an exemplary 
embodiment. 

Referring to FIG. 1, the organic light-emitting display 
device 100 includes a display panel 110 in which a plurality 
of data lines DL, a plurality of first gate lines GL1, and a 
plurality of second gate lines GL2 are formed and a plurality 
of pixels P are defined, a data driver 120 that drives the 
plurality of data lines DL formed in one direction on the 
display panel 110, a first gate driver 130 that supplies a 
sensing signal through the first gate lines GL1 crossing the 
data lines DL on the display panel 110, a second gate driver 
140 that Supplies a scanning signal through the second gate 
lines GL2 formed in parallel with the first gate lines GL1 on 
the display panel 110, a timing controller 150 that controls 
the driving timings of the data driver 120, the first gate driver 
130 and the second gate driver 140, and a reference voltage 
supply unit 160 that supplies a reference voltage Vref to each 
pixel as a common Voltage. 
The first gate driver 130 and the second gate driver 140 

may be separately provided, and may also be included in one 
gate driver as desired. 
The first gate driver 130 may be positioned only at one 

side of the display panel 110 as illustrated in FIG. 1 or may 
be divided into two and positioned at both sides of the 
display panel 110 depending on a driving scheme. Similarly, 
the second gate driver 140 may also be variously positioned. 

Each of the first gate driver 130 and the second gate driver 
140 may include a plurality of gate driving integrated 
circuits. Such gate driving integrated circuits may be con 
nected to bonding pads of the display panel 110 by using a 
tape automated bonding (TAB) method or a chip on glass 
(COG) method, or may be provided in a gate in panel (GIP) 
type directly formed on the display panel 110. Furthermore, 
the first gate driver 130 and the second gate driver 140 may 
be integrated with the display panel 110. 
The data driver 120 may include a plurality of data driving 

integrated circuits (also referred to as Source driving inte 
grated circuits). Such data driving integrated circuits may be 
connected to bonding pads of the display panel 110 by using 
the tape automated bonding (TAB) method or the chip on 
glass (COG) method, or may be directly formed on the 
display panel 110. Furthermore, the data driver 120 may be 
integrated with the display panel 110. 
The reference voltage supply unit 160 may be connected 

to the data driving integrated circuit D-IC of the data driver 
120, and may supply the reference voltage Vref to a refer 
ence voltage line RVL formed on the display panel 110 
through the data driving integrated circuit D-IC. 
A pixel structure of each pixel P defined in the display 

panel 110 of the organic light-emitting display device 100 
according to an exemplary embodiment will be described 
with reference to FIG. 2. 

FIG. 2 is an equivalent circuit diagram illustrating a pixel 
structure of an organic light-emitting display device 100 
according to an exemplary embodiment. 

Referring to FIG. 2, each pixel P in the display panel 110 
of the organic light-emitting display device 100 includes an 
organic light-emitting diode (OLED), a driving transistor 
DT, a first transistor T1, a second transistor T2, a storage 
capacitor Cstg. The driving transistor DT has a first node N1, 
a second node N2 and a third node N3. The first transistor 
T1 is controlled by a sensing signal SENSE supplied 
through the first gate line GL1 and is connected between the 
reference voltage line RVL (Vref Line) and the first node N1 
of the driving transistor DT. The second transistor T2 is 
controlled by a scanning signal SCAN Supplied through the 
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second gate line GL2 and is connected between the data line 
DL and the second node N2 of the driving transistor DT. The 
storage capacitor Cstg is connected between the first node 
N1 and the second node N2 of the driving transistor DT. 
The driving transistor DT in each pixel P is a transistor 

that receives a driving voltage EVDD supplied by a driving 
Voltage line DVL, is controlled by a voltage (a data Voltage) 
of the second node N2, which is applied through the second 
transistor T2, and drives the organic light-emitting diode 
(OLED). 
The driving transistor DT has the first node N1, the second 

node N2 and the third node N3, wherein the first node N1 is 
connected to the first transistor T1, the second node N2 is 
connected to the second transistor T2, and the third node N3 
receives the driving voltage EVDD. 
The first node of the driving transistor DT may be referred 

to as a source node (also referred to as a “source electrode'), 
the second node may be referred to as a gate node (also 
referred to as a “gate electrode'), and the third node N3 may 
be referred to as a drain node (also referred to as a "drain 
electrode'). The first node and the third node of the driving 
transistor DT may also be a drain node and a source node 
depending on a circuit implementation scheme or a circuit 
State. 

The first transistor T1 is a transistor that is controlled by 
the sensing signal SENSE supplied by the first gate line 
GL1, is connected between the reference voltage line RVL 
Supplying the reference Voltage Vrefor a connection pattern 
CP connected to the reference voltage line and the first node 
N1 of the driving transistor DT, and is concerned in a 
sensing mode, and is also referred to as a “sensor transistor.” 
The second transistor T2 is a transistor that is controlled 

by the scanning signal SCAN Supplied by the second gate 
line GL2, is connected between a corresponding data line 
DL and the second node N2 of the driving transistor DT, and 
switches a data voltage to be applied to the second node N2 
of the driving transistor DT, and is also referred to as a 
“switching transistor.” 
The storage capacitor Cstg is connected between the first 

node N1 and the second node N2 of the driving transistor 
DT, and maintains the data Voltage during, for example, one 
frame period. 
As illustrated in FIG. 2, each pixel defined in the display 

panel 110 of the organic light-emitting display device 100 
according to an exemplary embodiment has a 3T (Transis 
tor) 1C (Capacitor) structure including the three transistors 
DT, T1 and T2 and the one capacitor Cstg. 

Furthermore, as illustrated in FIG. 2, each pixel defined in 
the display panel 110 of the organic light-emitting display 
device 100 according to an exemplary embodiment requires 
three vertical signal lines including the data line DL, the 
driving voltage line (DVL: EVDD Line) and the reference 
Voltage line RVL, and two horizontal signal lines including 
the first gate line GL1 and the second gate line GL2. 

Each pixel of the organic light-emitting display device 
100 according to an exemplary embodiment may operate in 
one of an emission mode that is a driving mode for emitting 
the organic light-emitting diode (OLED) and a sensing mode 
for compensating for a threshold voltage Vth and/or mobil 
ity as characteristic values of the driving transistor DT of 
each pixel. 
When the pixel of the organic light-emitting display 

device 100 according to an exemplary embodiment is driven 
in the emission mode, signal waveforms applied to the pixel 
are illustrated in the timing diagram of FIG. 3. 
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6 
FIG. 3 is a timing diagram of an emission mode of an 

organic light-emitting display device 100 according to an 
exemplary embodiment. 

Referring to FIG. 3, the emission mode includes an initial 
step, a writing step and an emission step. 

In the initial step, the first node N1 of the driving 
transistor DT is initialized. To this end, the reference voltage 
Vref is applied to the reference voltage line RVL as an initial 
voltage and the sensing signal SENSE is applied to the first 
transistor T1, so that the first transistor T1 is turned on. As 
a result, the reference voltage Vref is applied to the first node 
N1 of the driving transistor DT. In this case, an initial 
Voltage is determined in consideration of a peak/black 
current and a Voltage that may be output from a data driving 
integrated circuit (D-IC, also referred to as a source inte 
grated circuit (S-IC)) in the data driver 120. 

In the writing step, the scanning signal SCAN is applied 
to the second transistor T2 to turn on the second transistor 
T2, so that a data Voltage Vdata is applied to the second node 
N2 of the driving transistor DT. Accordingly, since a pre 
determined voltage difference (Vdata-Vref) occurs between 
the second node N2 and the first node N1 of the driving 
transistor DT, that is, since the predetermined voltage dif 
ference (Vdata-Vref) occurs at both ends of the storage 
capacitor, charge is accumulated in the storage capacitor 
Cstg based on the predetermined voltage difference. 

In the emission step, when the first transistor T1 and the 
second transistor T2 are simultaneously turned off, the first 
node N1 and the second node N2 of the driving transistor DT 
are floated and maintain the predetermined potential differ 
ence (Vdata-Vref), so that a voltage is boosted. As a result, 
when a voltage V1 of the first node N1 of the driving 
transistor DT increases beyond a predetermined Voltage, a 
current flows through the organic light-emitting diode 
(OLED) so that the organic light-emitting diode (OLED) 
emits light. 

In a case in which a pixel operates in the sensing mode, 
referring to FIG. 2, in order to compensate for the threshold 
voltage Vth and the mobility of the driving transistor DT, a 
digital-to-analog converter (DAC) of the data driving inte 
grated circuit (D-IC) in the data driver 120 applies the data 
voltage Vdata to the second node N2 of the driving transistor 
through the data line, and the reference Voltage Supply unit 
160 applies the reference voltage Vref to the first node N1 
of the driving transistor DT through the reference voltage 
line RVL. Afterwards, when the first node N1 of the driving 
transistor DT is floated and the voltage of the first node N1 
changes and becomes constant, the digital-to-analog con 
verter (DAC) of the data driving integrated circuit (D-IC) in 
the data driver 120 measures the constant voltage (Vdata 
Vth) through the reference voltage line RVL and senses the 
threshold voltage Vth of the driving transistor DT. The 
sensed threshold Voltage is added to each data Voltage so that 
the threshold Voltage can be compensated. 

Referring to FIG. 2, the reference voltage line RVL 
Supplying the reference Voltage Vref to each pixel may also 
be formed in correspondence with each pixel array. That is, 
the reference voltage line RVL may be formed by the same 
number of data lines. 
One reference voltage line RVL supplying the reference 

voltage Vref to each pixel may also be formed for several 
pixel arrays. That is, reference Voltage lines RVL having a 
number smaller than the number of the data lines may be 
formed. 

For example, one reference voltage line RVL may be 
formed for four pixel arrays. In this case, the number of the 
reference voltage lines is 4 of the number of the data lines. 
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The reference voltage line forming structure in which one 
reference voltage line RVL is formed for four pixel arrays as 
described above is illustrated in FIG. 4. 

FIG. 4 is a top-plan view illustrating a display panel 110 
of an organic light-emitting display device 100 according to 
an exemplary embodiment. 

FIG. 4 illustrates a part of the display panel 110 including 
four pixels P1 to P4. 

Referring to FIG. 4, the four pixels P1 to P4 are config 
ured such that the pixel P1 is connected to a 4n-3" data line 
DL4n-3, the pixel P2 is connected to a 4n-2" data line 
DL4n-2, the pixel P3 is connected to a 4n-1" data line 
DL4n-1, and the pixel P4 is connected to a 4n" data line 
DL4n. 

Referring to FIG. 4, one reference voltage line RVL is 
formed for the four pixels P1 to P4. That is, the number of 
the data lines is 4 and the number of the reference voltage 
lines is 1, corresponding to 4 of the number of the data 
lines. 

Referring to FIG. 4, one reference voltage line RVL is 
formed between the pixel P2 connected to the 4n-2" data 
line DL4n-2 and the pixel P3 connected to the 4n-1" data 
line DL4n-1, is directly connected to the first transistor T1 
of the pixel P2 and the first transistor T1 of the pixel P3, and 
is connected to the first transistor T1 of the pixel P1 and the 
first transistor T1 of the pixel P4 through the connection 
pattern (CP). 

Referring to FIG. 4, two driving voltage lines DVL2n-1 
and DVL2n are formed at both sides of the four pixels P1 to 
P4. 

Furthermore, referring to FIG. 4, the two data lines 
DL4n-3 and DL4n-2 for Supplying data Voltages to the two 
pixels P1 and P2 are formed between the pixel P1 and the 
pixel P2, and the two data lines DL4n-1 and DL4n for 
supplying data voltages to the two pixels P3 and P4 are 
formed between the pixel P3 and the pixel P4. 
As described above, one reference voltage line RVL is 

formed for four pixels (four pixel arrays) and two driving 
voltage lines DVL are formed for four pixels, such that it is 
possible to improve an aperture ratio, as compared with the 
case in which one reference voltage line RVL is formed one 
pixel (one pixel array) and one driving Voltage line DVL is 
formed one pixel (one pixel array). 

Furthermore, in the four pixel structure, the arrangement 
structure of the two driving voltage lines DVL2n-1 and 
DVL2n and the four data lines DL4n-3, DL4n-2, DL4n-1 
and DL4n is symmetrical to the arrangement structure of the 
three transistors DT, T1 and T2 and the one capacitor Cstg 
in each pixel about the one reference voltage line RVL. 

In addition, Such a symmetrical structure is repeatedly 
formed for every four pixels, such that it is possible to easily 
manufacture the display panel 110. 
The structure of the display panel 110 illustrated in FIG. 

4 may be a structure suitable for a display panel in which 
pixels are patterned to represent WRGB. That is, the pixels 
P1 to P4 may be WRGB pixels. 
As described above, in an exemplary embodiment, only 

one reference voltage line RVL is formed for four pixel 
arrays in the display panel 110 to be shared by the four pixel 
arrays, and the reference Voltage line sharing structure of 
directly connecting one reference voltage line RVL formed 
for the four pixel arrays to the data driving integrated circuit 
is provided. Such that it is possible to improve an aperture 
ratio and reduce the number of contacts between the data 
driving integrated circuit and the reference Voltage lines 
RVL. 
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However, in such an exemplary embodiment, different 

types of metal signal lines (connection patterns CP) and 
contact holes may be required in order that four pixels share 
one reference voltage line RVL. This may cause reduction of 
an aperture ratio and an increase in defects due to overlaps 
between the metal lines. 

Furthermore, since it may be necessary to connect the data 
driving integrated circuit to the reference voltage lines RVL 
and an area for configuring a Voltage applying circuit may be 
separately required, the number of contact pins is slightly 
increased and the area of the data driving integrated circuit 
is widened, resulting in an increase in the circuit manufac 
turing cost. 

In order to further improve the organic light-emitting 
display device 100 described above, an organic light-emit 
ting display device according to another exemplary embodi 
ment will now be described with reference to FIG. 5 to FIG. 
26, which has a novel pixel structure with no reference 
voltage line RVL. 

FIG. 5 is a diagram illustrating a system of an organic 
light-emitting display device 500 according to another 
exemplary embodiment. 

Referring to FIG. 5, the organic light-emitting display 
device 500 includes a display panel 510 in which a plurality 
of data lines DL, a plurality of first gate lines GL1 and a 
plurality of second gate lines GL2 are formed and a plurality 
of pixels P are defined, a data driver 520 that drives the 
plurality of data lines DL formed in one direction on the 
display panel 510, a first gate driver 530 that supplies a 
sensing signal through the first gate lines GL1 formed in 
another direction and crossing the data lines DL on the 
display panel 510, a second gate driver 540 that supplies a 
scanning signal through the second gate lines GL2 formed in 
parallel with the first gate lines GL1 on the display panel 
510, and a timing controller 550 that controls the driving 
timings of the data driver 520, the first gate driver 530 and 
the second gate driver 540. 

Referring to FIG. 5, the organic light-emitting display 
device 500 does not include the reference voltage supply 
unit, which is different from the organic light-emitting 
display device 100 illustrated in FIG. 1. 

Furthermore, in the display panel 510 of the organic 
light-emitting display device 500, the reference voltage line 
RVL is not formed, which is also different from the display 
panel 110 of the organic light-emitting display device 100 
illustrated in FIG. 1. 
The first gate driver 530 and the second gate driver 540 

may be separately provided, and may also be included in one 
gate driver as desired. 
The first gate driver 530 may be positioned only at one 

side of the display panel 510 as illustrated in FIG. 5 or may 
be divided into two and positioned at both sides of the 
display panel 510 depending on a driving scheme. Similarly, 
the second gate driver 540 may also be variously positioned. 

Each of the first gate driver 530 and the second gate driver 
540 may include a plurality of gate driving integrated 
circuits. Such gate driving integrated circuits may be con 
nected to bonding pads of the display panel 510 by using a 
tape automated bonding (TAB) method or a chip on glass 
(COG) method, or may be provided in a gate in panel (GIP) 
type directly formed on the display panel 510. Furthermore, 
the first gate driver 530 and the second gate driver 540 may 
be integrated with the display panel 510. 
The data driver 520 may include a plurality of data driving 

integrated circuits (also referred to as Source driving inte 
grated circuits). Such data driving integrated circuits may be 
connected to bonding pads of the display panel 510 by using 
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the tape automated bonding (TAB) method or the chip on 
glass (COG) method, or may be directly formed on the 
display panel 510. Furthermore, the data driver 520 may be 
integrated with the display panel 510. 
A pixel structure of each pixel P defined in the display 

panel 510 of the organic light-emitting display device 500 
according to another exemplary embodiment will be 
described with reference to FIG. 6. 

FIG. 6 is an equivalent circuit diagram illustrating a pixel 
structure of an organic light-emitting display device 500 
according to another exemplary embodiment. 

Referring to FIG. 6, each pixel defined in the display 
panel 510 of the organic light-emitting display device 500 
according to another exemplary embodiment includes an 
organic light-emitting diode (OLED), a driving transistor 
DT, a first transistor T1, a second transistor T2, a storage 
capacitor Cstg, and the like. The driving transistor DT has a 
first node N1, a second node N2 and a third node N3. The 
first transistor T1 is controlled by the sensing signal SENSE 
Supplied through the first gate line GL1 and is connected 
between the data line DL and the first node N1 of the driving 
transistor DT. The second transistor T2 is controlled by the 
scanning signal SCAN Supplied through the second gate line 
GL2 and is connected between the same data line DL 
connected to the first transistor T1 and the second node N2 
of the driving transistor DT. The storage capacitor Cstg is 
connected between the first node N1 and the second node N2 
of the driving transistor DT. 
The driving transistor DT in each pixel P is a transistor 

that receives a driving voltage EVDD supplied by a driving 
Voltage line DVL, is controlled by a voltage (a data Voltage) 
of the second node N2 applied through the second transistor 
T2, and drives the organic light-emitting diode (OLED). 

Such a driving transistor DT has the first node N1 to 
which the reference voltage Vref is applied through the first 
transistor T1, the second node N2 to which the data voltage 
Vdata is applied through the second transistor T2 and the 
third node N3 connected to the driving voltage line DVL. 
The first node N1 is connected to the first transistor T1, the 
second node N2 is connected to the second transistor T2, and 
the third node N3 receives the driving voltage EVDD. 

In an example, the first node of the driving transistor DT 
may be referred to as a source node (also referred to as a 
“source electrode'), the second node may be referred to as 
a gate node (also referred to as a 'gate electrode’), and the 
third node N3 may be referred to as a drain node (also 
referred to as a “drain electrode'). The first node and the 
third node of the driving transistor DT may also be a drain 
node and a source node according to a circuit implementa 
tion scheme or a circuit state. 

The first transistor T1 is a transistor that is controlled by 
the sensing signal SENSE supplied through the first gate line 
GL1, is connected between the data line DL and the first 
node N1 of the driving transistor DT, and is concerned in a 
sensing mode, and is also referred to as a “sensor transistor.” 
The second transistor T2 is a transistor that is controlled 

by the scanning signal SCAN Supplied through the second 
gate line GL2, is connected between a corresponding data 
line DL and the second node N2 of the driving transistor DT. 
and Switches a data Voltage to be applied to the second node 
N2 of the driving transistor DT, and is also referred to as a 
“switching transistor.” 
The storage capacitor Cstg is connected between the first 

node N1 and the second node N2 of the driving transistor 
DT, and maintains the data Voltage during one frame. 
As illustrated in FIG. 6, each pixel defined in the display 

panel 510 of the organic light-emitting display device 500 
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10 
has a 3T1C structure including the three transistors DT, T1 
and T2 and the one capacitor Cstg. 

Furthermore, as illustrated in FIG. 6, each pixel defined in 
the display panel 510 of the organic light-emitting display 
device 500 according to another exemplary embodiment 
requires two vertical signal lines including the data line DL 
and the driving Voltage line DVL and two horizontal signal 
lines including the first gate line GL1 and the second gate 
line GL2. 

That is, each pixel defined in the display panel 510 of the 
organic light-emitting display device 500 does not include 
the reference voltage line RVL illustrated in FIG. 2 that is a 
separate signal line for Supplying the reference Voltage Vref 
as an initial voltage in order to initialize the first node N1 of 
the driving transistor DT. 

Instead, the pixel in the display panel 510 uses the 
existing data line DL, which Supplies the data Voltage Vdata, 
as a signal line for Supplying the reference Voltage Vref. 

Accordingly, the data line DL may operate as a signal line 
for Supplying the reference Voltage Vrefor a signal line for 
Supplying the data Voltage Vdata depending on an operation 
timing of the corresponding pixel. 
As described above, each pixel defined in the display 

panel 510 of the organic light-emitting display device 500 is 
similar to each pixel defined in the display panel 110 of the 
organic light-emitting display device 100 illustrated in FIG. 
2 in that each pixel has a 3T1C pixel structure, but is 
different as far as required signal lines are concerned. 

Through such differences, driving methods for the pixel of 
the organic light-emitting display device 500 in an emission 
mode and a sensing mode are different from those of the 
pixel of the organic light-emitting display device 100. 

Hereinafter, a driving method for a pixel of an organic 
light-emitting display device 500 according to another 
exemplary embodiment in an emission mode will be 
described in detail with reference to FIG. 7 to FIG. 10, and 
a driving method for a pixel of an organic light-emitting 
display device 500 according to another exemplary embodi 
ment in a sensing mode will be described in detail with 
reference to FIG. 11 to FIG. 25. 

FIG. 7 is a timing diagram of an emission mode of an 
organic light-emitting display device 500 according to 
another exemplary embodiment. 

Referring to the circuit diagram of FIG. 6 and the timing 
diagram of FIG. 7, in a case in which a pixel operates in the 
emission mode, the first transistor T1 included in the cor 
responding pixel is turned on by the sensing signal SENSE 
and the reference voltage Vref is output to the data line DL, 
so that the reference voltage Vref is applied to the second 
node N2 of the driving transistor DT as an initial voltage. 

Thereafter, the first transistor T1 is turned off, the second 
transistor T2 is turned on by the scanning signal SCAN, and 
the data voltage Vdata is output to the data line DL, so that 
the data voltage Vdata is applied to the first node N1 of the 
driving transistor DT having the second node N2 to which 
the reference Voltage has been applied. Afterwards, a pre 
determined voltage (a voltage capable of allowing a current 
to flow through the organic light-emitting diode (OLED)) is 
applied between the second node N2 and the first node N1 
of the driving transistor DT and a current flows through the 
organic light-emitting diode (OLED), so that the organic 
light-emitting diode (OLED) emits light. 

Such an emission mode includes an initial step, a writing 
step and an emission step as illustrated in FIG. 7. 

Signal waveforms and operations of the transistors in each 
step included in the emission mode will be described in 
detail with reference to FIG. 8 to FIG. 10. 
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FIG. 8 to FIG. 10 are operation circuit diagrams according 
to steps of the emission mode of the organic light-emitting 
display device 500 according to another exemplary embodi 
ment. 

With reference to FIG. 8, the initial step of the emission 
mode will be described. 

Referring to FIG. 8, in the initial step of the emission 
mode, the first transistor T1 included in a corresponding 
pixel is turned on by the sensing signal SENSE and the 
reference voltage Vref applied to the data line DL as an 
initial voltage is applied to the second node N2 of the driving 
transistor DT, so that the second node N2 of the driving 
transistor DT is initialized. 

Afterwards, for the purpose of the performance and 
efficiency of the emission mode, the second transistor T2 is 
also turned on by the scanning signal SCAN and the 
reference voltage Vref applied to the data line DL is also 
applied to the first node N1 of the driving transistor DT, so 
that the first node N1 of the driving transistor DT is also 
initialized. 

Next, with reference to FIG. 9, the writing step of the 
emission mode will be described. 

Referring to FIG. 9, in the writing step after all the first 
node N1 and the second node N2 of the driving transistor DT 
are initialized in the initial step, the sensing signal SENSE 
drops to a low level to turn off the first transistor T1, and the 
second transistor T2 is turned on by the scanning signal 
SCAN, so that the data voltage Vdata supplied to the data 
line DL is written in (applied to) the first node N1 of the 
driving transistor DT. 

At this time point, a predetermined voltage (Vdata-Vref) 
is instantaneously applied between the second node N2 and 
the first node N1 of the driving transistor DT, so that a charge 
corresponding to this Voltage is accumulated in the storage 
transistor Cstg. However, since the first transistor T1 has 
been turned off, the first node N1 of the driving transistor DT 
does not maintain a constant Voltage Vref applied before the 
first transistor T1 is turned off, and is floated. 
As a result, the storage transistor Cstg is discharged and 

the voltage of the first node N1 of the driving transistor DT 
is boosted. At this time, no current flows through the organic 
light-emitting diode (OLED) by the threshold voltage of the 
organic light-emitting diode (OLED). 
The voltage of the first node N1 of the driving transistor 

DT is boosted up to a voltage when a current may flow 
through organic light-emitting diode (OLED), and the Volt 
age (the potential difference) between the second node N2 
and the first node N1 of the driving transistor DT is 
constantly maintained. 

With reference to FIG. 10, the emission step of the 
emission mode will be described. 

Referring to FIG. 10, after the predetermined voltage (the 
boosted voltage of the first node N1 of the driving transistor 
DT) is applied between the second node N2 and the first 
node N1 of the driving transistor DT in the writing step, in 
the emission step starting from that time point, since all the 
first transistor T1 and the second transistor T2 are turned off, 
all the second node N2 and the first node N1 of the driving 
transistor DT are floated, so that Voltage boosting occurs and 
thus a current Ioled flows through organic light-emitting 
diode (OLED). 

So far, the emission mode has been described, and the 
sensing mode will be described below. 
The sensing mode of the organic light-emitting display 

device 500 according to another exemplary embodiment 
may be classified into a sensing mode based on Voltage 
sensing and a sensing mode based on current sensing. 
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The sensing mode based on Voltage sensing may be 

classified into a threshold Voltage sensing mode and a 
mobility sensing mode, and in the sensing mode based on 
current sensing, the threshold Voltage sensing mode and the 
mobility sensing mode are not separately performed and are 
performed at a time, such that it is possible to simultane 
ously calculate a threshold Voltage and mobility. 

In any sensing mode, the organic light-emitting display 
device 500 according to another exemplary embodiment 
may further include a sensing unit (1100 of FIG. 11 and 2100 
of FIG. 21) for sensing one or more of the threshold voltage 
and the mobility of the driving transistor DT. 

Such a sensing unit is connected to the driving Voltage 
line DVL connected to the third node N3 of the driving 
transistor DT. 

This is different from the organic light-emitting display 
device 100 in that the sensing unit (including the ADC and 
the like of FIG. 2) is connected to the reference voltage line 
RVL. 

Hereinafter, a circuit for the sensing mode based on 
voltage sensing will be described with reference to FIG. 11, 
the threshold Voltage sensing mode of the sensing mode 
based on voltage sensing will be described with reference to 
FIG. 12 to FIG. 15, and the mobility sensing mode of the 
sensing mode based on Voltage sensing will be described 
with reference to FIG. 16 to FIG. 20. Afterwards, a circuit 
for the sensing mode based on current sensing will be 
described with reference to FIG. 21, and the sensing of a 
threshold Voltage and mobility through the sensing mode 
based on current sensing will be described with reference to 
FIG. 22 to FIG. 25. 

FIG. 11 is a circuit diagram illustrating a case in which a 
pixel of an organic light-emitting display device 500 accord 
ing to another exemplary embodiment operates in a sensing 
mode based on Voltage sensing. 

Referring to FIG. 11, in the organic light-emitting display 
device 500, a circuit for the sensing mode based on voltage 
sensing further includes the sensing unit 1100 connected to 
the driving voltage line DVL, which is an addition to the 
pixel structure illustrated in FIG. 6. 

Referring to FIG. 11, the sensing unit 1100 for the sensing 
mode based on Voltage sensing includes an analog-to-digital 
converter 1110 that measures a voltage of a sensing node Ns 
connected to the driving voltage line DVL, a first switch 
Sper that Switches a connection between a precharge Voltage 
Supply node Npre and the sensing node Ns, and a second 
Switch Vsam that Switches a connection between a connec 
tion node Nadc of the analog-to-digital converter 1110 and 
the sensing node Ns. 
When the first switch Sper is turned on, the precharge 

Voltage Supply node Npre and the sensing node Ns are 
connected to each other, and when the first switch Sper is 
turned off the precharge Voltage Supply node Npre and the 
sensing node Ns are not connected to each other. When the 
second Switch Vsam is turned on, the connection node Nadc 
of the analog-to-digital converter 1110 and the sensing node 
Ns are connected to each other, and when the second switch 
Vsam is turned off, the connection node Nadc of the 
analog-to-digital converter 1110 and the sensing node NS are 
not connected to each other. 

Furthermore, referring to FIG. 11, a resistor R may be 
connected between the driving voltage line DVL and the 
sensing node Ns, and a driving Voltage line capacitor Cdvl 
may be formed in the driving voltage line DVL. 
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Hereinafter, the threshold voltage sensing mode will be 
described with reference to FIG. 12 to FIG. 15 on the basis 
of the circuit for the sensing mode based on Voltage sensing 
illustrated in FIG. 11. 

FIG. 12 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device 500 accord 
ing to another exemplary embodiment operates in a thresh 
old Voltage sensing mode of a sensing mode based on 
Voltage sensing. 

Referring to FIG. 12, the threshold voltage sensing mode 
of the sensing mode based on Voltage sensing includes an 
initial step, a sensing step and a sampling step. 

Hereinafter, signal waveforms and operations according 
to each step will be described with reference to FIG. 13 to 
FIG. 15. 

With reference to FIG. 13, the initial step of the threshold 
Voltage sensing mode based on Voltage sensing will be 
described. 

Referring to FIG. 13, in the initial step of the threshold 
Voltage sensing mode based on Voltage sensing, the first 
Switch Sper is turned on, so that a precharge Voltage Vpre is 
applied to the sensing node Ns. 

At this time, the second transistor T2 is turned on by the 
scanning signal SCAN. So that the data Voltage Vdata 
Supplied through the data line DL is applied to the second 
node N2 of the driving transistor DT. 

Next, with reference to FIG. 14, the sensing step of the 
threshold Voltage sensing mode based on Voltage sensing 
will be described. 

Referring to FIG. 14, in the sensing step of the threshold 
voltage sensing mode based on voltage sensing, the first 
switch Sper is turned off and the first transistor T1 is turned 
on by the sensing signal SENSE, so that the data voltage 
Vdata supplied through the data line DL is applied to the first 
node N1 of the driving transistor DT. That is, the same data 
voltage V data is applied to the first node N1 and the second 
node N2 of the driving transistor DT. 

Accordingly, a current i flows through the driving Voltage 
line capacitor Cdv1 via the sensing node Ns through the 
driving transistor DT, and the driving Voltage line capacitor 
Cdvl is charged, so that a Voltage of the sensing node Ns 
1SS. 

An increase in the Voltage of the sensing node NS starts 
from the precharge Voltage Vpre and stops at a predeter 
mined voltage by the threshold voltage Vth of the driving 
transistor DT. 

Next, with reference to FIG. 15, the sampling step of the 
threshold Voltage sensing mode based on Voltage sensing 
will be described. 

Referring to FIG. 15, in the sampling step of the threshold 
Voltage sensing mode based on Voltage sensing, the sensing 
signal SENSE changes to a low level, so that the first 
transistor T1 is turned off and the second transistor T2 is 
turned on. 

Accordingly, the analog-to-digital converter 1110 senses 
the voltage (Vsen or Vsen') of the sensing node Ns that stays 
at the predetermined Voltage after the stopping of the 
increase. 

In the timing diagram of FIG. 15, two lines (a solid line 
and a dotted line) representing the Voltage of the sensing 
node Ns indicate a case in which the threshold voltage is (-) 
and a case in which the threshold Voltage is (+), respectively. 
When the threshold voltage is (-), the voltage Vsen of the 
sensing node NS is Vdata+Vth in the sampling step, and 
when the threshold voltage is (+), the voltage Vsen' of the 
sensing node NS is Vdata-Vth in the sampling step. 
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At this case, since the data Voltage Vdata is a well-known 

value, it is possible to obtain the threshold voltage Vth of the 
driving transistor DT from the measured sensing Voltage 
(Vsen or Vsen'). 
The timing controller 550 adds the obtained threshold 

voltage Vth to a next data voltage Vdata to be applied to a 
corresponding pixel or subtracts the obtained threshold 
voltage Vth from the next data voltage Vdata to be applied 
to the corresponding pixel, and converts data to be applied 
to the corresponding pixel, thereby compensating for the 
threshold voltage. 

Hereinafter, the mobility sensing mode will be described 
with reference to FIG. 16 to FIG. 20 on the basis of the 
circuit for the sensing mode based on Voltage sensing 
illustrated in FIG. 11. 

FIG. 16 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device 500 accord 
ing to another exemplary embodiment operates in a mobility 
sensing mode of a sensing mode based on Voltage sensing. 

Referring to FIG. 16, the mobility sensing mode based on 
Voltage sensing includes an initial step, a sensing step and a 
sampling step, and the mobility sensing is performed in Such 
a manner that the second transistor T2 is turned on by the 
scanning signal SCAN to apply the data Voltage Vdata to the 
second node N2 of the driving transistor DT, the second 
transistor T2 is turned off to allow a constant current to flow 
from the first node N1 of the driving transistor DT to the 
driving Voltage line DVL, and the Voltage Vsen accumulated 
in the driving voltage line capacitor Cdvl formed in the 
driving voltage line DVL is measured. 

FIG. 17 to FIG. 20 are operation circuit diagrams accord 
ing to steps when a pixel of an organic light-emitting display 
device 500 according to another exemplary embodiment 
operates in a mobility sensing mode of a sensing mode based 
on Voltage sensing. 
The initial step of the mobility sensing mode based on 

Voltage sensing includes a first initial step in which the 
second transistor T2 is turned on by the Scanning signal 
SCAN and a second initial step in which the second tran 
sistor T2 is turned off. 

Referring to FIG. 17, in the first initial step of the mobility 
sensing mode based on Voltage sensing, the second transis 
tor T2 is turned on by the scanning signal SCAN and the first 
transistor T1 is turned on by the sensing signal SENSE, so 
that the data voltage Vdata is applied to the second node N2 
and the first node N1 of the driving transistor DT. 

Referring to FIG. 17, the first switch Sper is turned on, so 
that the precharge Voltage Vpre is applied to the sensing 
node Ns. 

Referring to FIG. 18, in the second initial step of the 
mobility sensing mode based on Voltage sensing, the scan 
ning signal SCAN drops to a low level and the second 
transistor T2 is turned off. 
As illustrated in FIG. 17 and FIG. 18, in the initial step 

(the first initial step and the second initial step) of the 
mobility sensing mode based on Voltage sensing, the Voltage 
of the sensing node NS is maintained as the precharge 
voltage Vpre, because the first switch Sper has been turned 
O. 

Referring to FIG. 19, in the sensing step of the mobility 
sensing mode based on Voltage sensing, the first Switch Sper 
is turned off, a constant current I flows from the first node 
N1 of the driving transistor DT to the driving voltage line 
DVL, and the driving voltage line capacitor Cdvl formed in 
the driving Voltage line DVL is charged, so that the Voltage 
of the sensing node NS rises. 
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In the timing diagram of FIG. 19, a voltage slope of the 
sensing node NS corresponds to the constant current I 
flowing from the first node N1 of the driving transistor DT 
to the driving Voltage line DVL as a change in the Voltage 
of the sensing node Ns according to the passage of time. 

In the timing diagram of FIG. 19, a solid line representing 
a change in the Voltage of the sensing node NS indicates a 
Voltage change in a case of high mobility, and a dotted line 
representing a change in the Voltage of the sensing node Ns 
indicates a Voltage change in a case of low mobility. 

Referring to FIG. 20, in the sampling step of the mobility 
sensing mode based on Voltage sensing, the sensing signal 
SENSE drops to a low level and the first transistor T1 is 
turned off, so that the voltage of the sensing node Ns does 
not rise. 

At this time, since the second Switch Vsam is turned on, 
the analog-to-digital converter 1110 measures the Voltage of 
the sensing node NS as the sensing Voltage (Vsen or Vsen') 
and senses the mobility of the driving transistor DT from the 
measured Voltage. In this case, the higher the sensing 
voltage (Vsen-Vsen') is, the higher the sensed mobility of 
the driving transistor DT is. 

Thus far, the sensing mode (the threshold Voltage sensing 
mode and the mobility sensing mode) of sensing the thresh 
old Voltage and the mobility based on Voltage sensing has 
been described, and a sensing mode of sensing the threshold 
Voltage and the mobility based on current sensing will be 
described with reference to FIG. 21 to FIG. 25 below. 

FIG. 21 is a circuit diagram illustrating a case in which a 
pixel of an organic light-emitting display device 500 accord 
ing to another exemplary embodiment operates in a sensing 
mode based on current sensing. 

Referring to FIG. 21, in the organic light-emitting display 
device 500 according to another exemplary embodiment, a 
current for the sensing mode based on current sensing 
further includes a sensing unit 2100 connected to the driving 
voltage line DVL on the basis of the pixel structure of FIG. 
6. 

Referring to FIG. 21, the sensing unit 2100 for the sensing 
mode based on current sensing includes a current measuring 
unit 2110 that measures a current flowing through the 
driving voltage line DVL, a first switch Sper that switches 
a connection between the precharge Voltage Supply node 
Npre and the sensing node Ns, and a second Switch Vsam 
that switches a connection between a connection node N1 of 
the current measuring unit 2110 and the sensing node Ns. 
When the first switch Sper is turned on, the precharge 

Voltage Supply node Npre and the sensing node Ns are 
connected to each other, and when the first switch Sper is 
turned off the precharge Voltage Supply node Npre and the 
sensing node Ns are not connected to each other. When the 
second switch Vsam is turned on, the connection node N1 of 
the current measuring unit 2110 and the sensing node NS are 
connected to each other, and when the second Switch Vsam 
is turned off, the connection node N1 of the current mea 
Suring unit 2110 and the sensing node Ns are not connected 
to each other. 

Furthermore, referring to FIG. 21, a resistor R may be 
connected between the driving voltage line DVL and the 
sensing node Ns, and a driving Voltage line capacitor Cdvl 
may be formed in the driving voltage line DVL. 

FIG. 22 is a timing diagram illustrating a case in which a 
pixel of an organic light-emitting display device 500 accord 
ing to another exemplary embodiment operates in a sensing 
mode based on current sensing. 

Referring to FIG. 22, the sensing mode based on current 
sensing, in which the pixel of the organic light-emitting 
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display device 500 according to another exemplary embodi 
ment operates, includes an initial step, a sensing step and a 
sampling step. 

In the sensing mode based on current sensing, when the 
data Voltage Vdata is simultaneously applied to the second 
node N2 and the first node N1 of the driving transistor DT 
through the data line DL and the precharge Voltage Vpre is 
applied to the driving voltage line DVL, a current flows from 
the first node N1 of the driving transistor DT to the driving 
voltage line DVL. This current is measured by the current 
measuring unit 2110. 

In this case, currents I1 and I2 are measured for two data 
voltages Vdata1 and Vdata2, such that it is possible to 
calculate the threshold voltage and the mobility of the 
driving transistor DT based on a predetermined relationship. 

Hereinafter, each step of the sensing mode based on 
current sensing will be described with reference to FIG. 23 
to FIG. 25. 

FIG. 23 to FIG. 25 are circuit diagrams when a pixel of 
an organic light-emitting display device 500 according to 
another exemplary embodiment operates in a sensing mode 
based on current sensing. 

Referring to FIG. 23, in the initial step of the sensing 
mode based on current sensing, the second transistor T2 has 
been turned off by a low level of the scanning signal SCAN, 
the first transistor T1 is turned on by the sensing signal 
SENSE, and the first switch Sper is turned on, so that the 
precharge Voltage Vpre is applied to the sensing node Ns. 

Referring to FIG. 24, in the sensing step of the sensing 
mode based on current sensing, the scanning signal SCAN 
is changed to a high level and the second transistor T2 is 
turned on, so that the data voltage Vdata is supplied through 
the data line DL. 

Accordingly, the data Voltage Vdata is applied to the 
second node N2 and the first node N1 of the driving 
transistor DT. That is, voltages of the second node N2 and 
the first node N1 of the driving transistor DT are the data 
Voltage Vdata. 

Referring to FIG. 25, in the sampling step of the sensing 
mode based on current sensing, the first Switch Sper is 
turned off and the second switch Vsam is turned on. 

Accordingly, a current flowing from the first node N1 of 
the driving transistor DT to the driving voltage line DVL is 
measured as a sensing current Isen. 
The aforementioned process is performed for the two data 

Voltages Vdata1 and Vdata2, thereby measuring two sensing 
currents I and I. 

Afterwards, based on the applied two data Voltages 
Vdata1 and Vdata2, the measured two sensing currents I 
and I and the applied precharge Voltage Vpre, two formulae 
of the following Formula 1 are used to calculate two 
unknowns Vth and K. Such that it is possible to sense a 
threshold voltage Vth and a mobility K. 

(1) I-K(V1- Vth)? 

(2) L-K(V-Vth)? Formula 1: 

In Formula 1, I and I indicate currents measured by the 
current measuring unit 2110. V indicates a voltage dif 
ference between the second node N2 and the third node N3 
of the driving transistor DT when the data voltage Vdata1 is 
applied, and may be regarded as "Vdata1-Vpre.” V2 
indicates a voltage difference between the second node N2 
and the third node N3 of the driving transistor DT when the 
data Voltage Vdata2 is applied, and may be regarded as 
“Vdata2-V pre.” Accordingly, the following Formula 1 may 
be rewritten as the following Formula 2. 
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(1) I=K(Vdata1- Vpre-Vth)? 

(2) L-K(Vdata2-Vpre-Vth)? Formula 2: 

In Formula 2, since I, I, Vdata1, Vdata2 and Vpre are 
well-known values, it is possible to obtain the threshold 
voltage Vth and the mobility K that are unknown based on 
Formulae (1) and (2). 
Thus far, respective pixel structures of the organic light 

emitting display device 500 according to another exemplary 
embodiment and the driving methods for the emission mode 
and the sensing mode have been described. 

Hereinafter, with reference to FIG. 26, a pixel structure of 
an organic light-emitting display device 500 according to 
another exemplary embodiment will be described, along 
with advantages thereof. 

FIG. 26 is a top plan view illustrating a display panel 510 
of an organic light-emitting display device 500 according to 
another exemplary embodiment, a part of which includes 
four pixels P1 to P4. 

Referring to FIG. 26, the pixel P1 is connected to a 4n-3" 
data line DL4n-3, the pixel P2 is connected to a 4n-2" data 
line DL4n-2, the pixel P3 is connected to a 4n-1" data line 
DL4n-1, and the pixel P4 is connected to a 4n" data line 
DL4n. 
As illustrated in FIG. 26, no reference voltage line RVL 

is formed for the four pixels P1 to P4, and the data line DL 
is connected to the first transistor T1 and the second tran 
sistor T2. Also, two driving voltage lines DVL2n-1 and 
DVL2n are formed at both sides of the four pixels P1 to P4. 
The two data lines DL4n-3 and DL4n-2 for supplying the 
data voltages to the two pixels P1 and P2 are formed 
between the pixel P1 and the pixel P2, and the two data lines 
DL4n-1 and DL4n for Supplying the data Voltages to the two 
pixels P3 and P4 are formed between the pixel P3 and the 
pixel P4. 

In the pixels P1 and P2, the arrangement structure of the 
two data lines DL4n-3 and DL4n-2 is symmetrical to the 
arrangement structure of three transistors DT, T1 and T2 and 
one capacitor Cstg in each pixel. Similarly, in the pixels P3 
and P4, the arrangement structure of the two data lines 
DL4n-1 and DL4n is symmetrical to the arrangement struc 
ture of three transistors DT, T1 and T2 and one capacitor 
Cstg in each pixel. 

Furthermore, the two driving voltage lines DVL2n-1 and 
DVL2n are symmetrically arranged at both sides of the pixel 
P1 and the pixel P4. 

Such a symmetrical structure is repeatedly formed for 
every four pixels, so that the display panel 510 can be easily 
manufactured. 
The structure of the display panel 510 illustrated in FIG. 

26 may be a structure suitable for a display panel 510 in 
which pixels are patterned to represent WRGB. That is, the 
pixels P1 to P4 may be WRGB pixels. 

FIG. 27 is a diagram for comparing the display panel 510 
of the organic light-emitting display device 500 illustrated in 
FIG. 26 with the display panel 110 of the organic light 
emitting display device 100 illustrated in FIG. 4. In particu 
lar, the figure labeled as (A) illustrates the display panel 110 
of FIG. 4, and the figure labeled as (B) illustrates the display 
panel 510 of FIG. 26. 

In the display panel 510 illustrated in (B) of FIG. 27, since 
there is no reference voltage line RVL between the pixel P2 
connected to the DL4n-2 and the pixel P3 connected to the 
DL4n-1, an emission area of each pixel can be increased in 
a horizontal direction. 

Furthermore, in the display panel 510 illustrated in (B) of 
FIG. 27, since there is no connection pattern (CP) for 
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connecting the reference voltage line RVL to the first tran 
sistor T1 of the pixel P1 and the first transistor T4 of the 
pixel P4 as in (A) of FIG. 27, the emission area of each pixel 
can also be increased in a vertical direction. 
As a result, the organic light-emitting display device 500 

illustrated in (B) of FIG. 27 has an advantage in that an 
aperture ratio is increased by more than about 3%, as 
compared with the organic light-emitting display device 100 
illustrated in (A) of FIG. 27. 

Furthermore, in the organic light-emitting display device 
500 illustrated in (B) of FIG. 27, since the reference voltage 
supply unit 160 and the reference voltage line are not 
separately provided, it may not be necessary to provide 
contact pins through which the data driving integrated 
circuit D-IC receives a reference voltage from the reference 
voltage supply unit 160 and transfers the reference voltage 
to the reference voltage line. As a result, it may be possible 
to reduce the number of contact pins of the data driving 
integrated circuit D-IC, reduce the area of the data driving 
integrated circuit, and reduce the cost. 
As described above, organic light-emitting display 

devices 100 and 500 according to embodiments of the 
present invention have a novel pixel structure and/or oper 
ating method thereof, with a high aperture ratio. 

Furthermore, an organic light-emitting display device 500 
according to an embodiment of the present invention has a 
pixel structure in which a reference voltage line is be 
required, and an overlapping area with additional signal 
lines (for example, connection patterns (CP)) is reduced, 
leading to a further increased aperture ratio. 

In addition, an organic light-emitting display device 500 
according to an embodiment of the present invention has a 
pixel structure that can reduce the number of contact pins 
and the area of a data driving integrated circuit (D-IC), 
leading to reduced manufacturing costs. 

It will be apparent to those skilled in the art that various 
modifications and variation can be made in the present 
invention without departing from the spirit or scope of the 
invention. Thus, it is intended that the present invention 
cover the modifications and variations of this invention 
provided they come within the scope of the appended claims 
and their equivalents. 

What is claimed is: 
1. An organic light-emitting display device comprising: 
a display panel including a plurality of data lines, a 

plurality of first gate lines and a plurality of second gate 
lines, which define a plurality of pixels; 

a data driver Supplying a data signal through at least one 
of the plurality of data lines: 

a first gate driver Supplying a sensing signal through at 
least one of the plurality of first gate lines that cross the 
plurality of data lines in the display panel; 

a second gate driver Supplying a scanning signal through 
at least one of the plurality of second gate lines that are 
substantially parallel with the plurality of first gate lines 
in the display panel; and 

a timing controller controlling driving timings of the data 
driver, the first gate driver and the second gate driver, 

wherein one of the plurality of pixels includes an organic 
light-emitting diode, a driving transistor having a first 
node, a second node and a third node, a first transistor 
controlled by the sensing signal and connected between 
the respective data line and the first node of the driving 
transistor, a second transistor controlled by the scan 
ning signal and connected between the respective data 
line and the second node of the driving transistor, and 
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a storage capacitor connected between the first and 
Second nodes of the driving transistor; and 

a sensing unit sensing a threshold voltage or a mobility of 
the driving transistor, 

wherein the sensing unit is connected to a driving voltage 
line connected to the third node of the driving transis 
tor, the sensing unit comprises: 

an analog-to-digital converter measuring a voltage of a 
sensing node connected to the driving voltage line, and 

a Switch Switching a connection between a precharge 
Voltage supply node and the sensing node and switch 
ing a connection between a connection node of the 
analog-to-digital converter and the sensing node. 

2. The organic light-emitting display device according to 
claim 1, wherein the data driver is configured for supplying 
the respective data line a reference voltage or a data voltage 
according to an operating timing of a corresponding pixel. 

3. The organic light-emitting display device according to 
claim 1, wherein, the first gate driver is configured to supply 
a sensing signal which turns on or off the first transistor, the 
data driver is configured to supply a reference voltage or a 
data Voltage to the respective data line, and the second gate 
driver is configured to supply a scanning signal which turns 
on or off the second transistor, wherein, in an emission mode 
of the organic light-emitting display device, the first gate 
driver, the second gate driver and the data driver are con 
figured to operate the one of the plurality of pixels such that: 

in an initial step of the emission mode, the first transistor 
is turned on by the first gate driver and the reference 
voltage is applied to the first node of the driving 
transistor by the data driver, 

in a writing step following the initial step, the first 
transistor is turned off by the first gate driver and the 
Second transistor is turned on by the second gate driver 
and a data Voltage is applied to the second node of the 
driving transistor by the data driver, and 

in an emission step following the writing step, the second 
transistor is turned off by the second gate driver so that 
a current flows through the organic light-emitting 
diode. 

4. The organic light-emitting display device according to 
claim 1, wherein the sensing unit comprises: 

a current measuring unit measuring a current flowing 
through a sensing node connected to the driving voltage 
line; and 

a Switch Switching a connection between a precharge 
Voltage supply node and the sensing node and switch 
ing a connection between a connection node of the 
current measuring unit and the sensing node. 

5. A driving method of an organic light-emitting display 
device, the method comprising driving the organic light 
emitting display device in an emission mode and a sensing 
mode, wherein: 

in the emission mode, the driving method comprising: 
turning on a first transistor connected between a data line 

and a first node of the driving transistor and applying a 
reference voltage through the data line to the first node 
of the driving transistor; 

Subsequently turning off the first transistor to float a 
Voltage of the first node of the driving transistor, and 
applying a data voltage through the data line to a 
second node of the driving transistor through a second 
transistor connected between the data line and the 
second node of the driving transistor; 
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Subsequently turning off the second transistor to allow a 

current to flow through an organic light-emitting diode 
connected to a third node of the driving transistor; and 

in the sensing mode, the driving method comprising: 
turning on a precharge switch coupled to a sensing node 

which is connected to the third node of the driving 
transistor to apply a precharge voltage to the sensing 
node, and turning on the second transistor and applying 
a data Voltage to the second node of the driving 
transistor; 

Subsequently turning off the precharge switch, and turning 
on the first transistor and applying the data voltage to 
the first node, so that a voltage of the sensing node 
increase; 

subsequently turning off the first transistor when the 
Voltage increase of the sensing node stops and turning 
on a sampling switch coupled to the sensing node to 
sense the Voltage of the sensing node; and 

Subsequently determining the threshold voltage of the 
driving transistor from the sensed voltage of the sens 
ing node. 

6. A driving method of an organic light-emitting display 
device, the method comprising driving the organic light 
emitting display device in an emission mode and a sensing 
mode, wherein: 

in the emission mode, the driving method comprising: 
turning on a first transistor connected between a data line 

and a first node of the driving transistor and applying a 
reference Voltage through the data line to the first node 
of the driving transistor; 

Subsequently turning off the first transistor to float a 
Voltage of the first node of the driving transistor, and 
applying a data voltage through the data line to a 
second node of the driving transistor through a second 
transistor connected between the data line and the 
second node of the driving transistor; 

Subsequently turning off the second transistor to allow a 
current to flow through an organic light-emitting diode 
connected to a third node of the driving transistor; and 

in the sensing mode, the driving method comprising: 
turning on a precharge switch coupled to a sensing node 

which is connected to the third node of the driving 
transistor to apply a precharge Voltage to the sensing 
node, and turning on the first and second transistors to 
apply a data voltage to the first and second nodes of the 
driving transistor; 

Subsequently turning off the second transistor; 
Subsequently turning off the precharge switch, so that a 

Voltage of the sensing node increase; 
Subsequently turning off the first transistor, so that the 

Voltage increase of the sensing node stops, and turning 
on a sampling switch coupled to the sensing node to 
sense the Voltage of the sensing node; and 

Subsequently determining the mobility of the driving 
transistor from the sensed voltage of the sensing node. 

7. The organic light-emitting display device according to 
claim 1, further comprising a resistor connected between the 
driving Voltage line and the sensing node. 

8. The organic light-emitting display device according to 
claim 1, further comprising a driving voltage line capacitor 
formed in the driving voltage line and the voltage of the 
sensing node is a voltage charged in the driving voltage line 
capacitor. 


